I
schemic stroke affecting subcortical regions is frequent and often occurs as small infarcts caused by small-vessel disease. This stroke subgroup named lacunar infarction (LI) is well studied and has been associated with pre-existing diseases such as hypertension and diabetes mellitus. 1 Most studies have shown a high rate of favorable outcome after LI, although increasing evidence suggests a worse prognosis with time. 2 There are, however, several patients presenting with subcortical infarction who do not fall under the category of LI. These lesions are larger than lacunar lesions and may not be caused by small-vessel disease. Our knowledge of these large subcortical infarctions (LSIs) is limited. Clinical characteristics and cause have mostly been studied in smaller series performed in the 1980s or 1990s and often without being compared with other stroke subtypes or locations. [3] [4] [5] [6] [7] [8] One exception was a Dutch trial, where no differences were found regarding clinical features or risk factor profiles in patients with LSIs as compared with lacunar (LIs) or cortical infarctions (CIs) diagnosed with computed tomography (CT). 9 Because several patients with stroke are without sign of infarction on CT, stroke localization and classification may be inaccurate.
Norway, between February 2006 and July 2013 were prospectively registered in a database (The Bergen Norwegian Stroke Cooperation Registry). MRI and MR angiography were in general performed <1 day after admission unless any contraindications were present. Contraindications included pacemaker, none-consenting, or unstable patient. CT angiography was performed in patients potentially eligible for recanalizing treatment. Patients with DWI lesions because of ischemic stroke were included in the study after informed consent had been obtained. The study was approved by the local ethics committee.
Clinical characteristics, medical history, and stroke cause were registered by a stroke neurologist <1 day after admission. Cause was determined by the Trial of Org 10172 in Acute Stroke Treatment (TOAST) classification. 12 Stroke severity was measured using the National Institutes of Health Stroke Scale (NIHSS). NIHSS score was measured on admission, repeatedly during the first 24 hours and at discharge. NIHSS was measured by certified stroke neurologists or stroke nurses. Progressive neurological symptoms were defined as a worsening of ≥2 NIHSS points at any time within the first 24 hours after hospital admission. ΔNIHSS was defined as the difference between NIHSS on admission and at discharge. Based on presenting symptoms, patients were classified according to the Oxford Community Stroke Project classification. 13 An additional retrospective analysis was performed to compare rates of the most common lacunar syndromes (pure motor hemiparesis, pure sensory stroke, sensimotor stroke, and ataxic hemiparesis) in patients with LSI and LI. 14 Symptomatic extracranial internal carotid artery stenosis was defined as ≥70% stenosis based on percentage of area reduction at duplex ultrasonography. Outcome was defined by the modified Rankin Scale (mRS) score at day 7 or at discharge, if discharged earlier. Favorable outcome was defined as mRS 0 to 1 and good outcome as mRS 0 to 2. Patients were also scored with the Barthel Index on day 7 or at discharge, if discharged earlier.
Neuroimaging
DWI was performed as part of a routine MRI protocol for patients with stroke on 1.5-T Siemens Magnetom (Symphony, Erlangen, Germany). The DWI sequence used was ep2d_diff:3scan_trace, with the following specification of parameters: field of view 230 mm, slice thickness 5 mm, TR 3200 ms, TE 94 ms, voxel size 1.8×1.8×5.0 mm, scan time 1:12, sample average (number of excitations): 3 and b-values 0, 500 and 1000 s/mm 2 . Additional sequences were t2_flair_tra and ep2e_diff_3scan_trace_ADC.
LSI was present if DWI lesions were located in the hemispheric white matter, basal ganglia, internal capsule, thalamus, or corona radiate with a diameter ≥15 mm. LI was defined as DWI lesions in the same territory as LSI with a diameter <15 mm. CI was defined as DWI lesions confined to the supratentorial cortex. Mixed corticalsubcortical infarction included DWI lesions that were both cortical and subcortical in the supratentorial region. Cerebellar and brain stem infarction were present if DWI lesions were located in cerebellum or brain stem, respectively. Patients were allocated into 4 different groups according to DWI localization: LSI, LI, CI, and all DWI lesions except LSI (no LSI). The no LSI group included LI, CI, mixed cortical-subcortical, cerebellar, and brain stem infarction. This group also comprised patients with >1 DWI location, such as patients with concomitant cortical and cerebellar infarctions. Patients with LSI were categorized into 4 different territories: lenticulostriate territory (including nucleus lentiformis, caput of the caudate nucleus, and anterior limb and genu of the internal capsule), anterior choroidal artery territory (including cauda of the caudate nucleus and posterior limb of the internal capsule), thalamic territory (including the thalamus), white matter medullary branches territory (including hemispheric white matter). Total occlusion of intracranial arteries was defined as 100% occlusion. Intracranial stenosis was based on lumen reduction at CT angiography or MR angiography and defined as partial occlusion. 15 Stenosis <20% was considered normal. Recanalization on MR angiography was defined as complete recanalization of the primary occlusion with normal distal flow. Neuroimaging was reviewed by a stroke neurologist (H.N.) with >15 years experience in interpretation of stroke CT and MRI.
Statistical Analyses
Univariate analyses were performed with clinical characteristics, cause, and outcomes where patients in the LSI group were compared with the LI group, CI group, and no LSI group. Student t test or Mann-Whitney U test was used for continuous variables when appropriate. χ 2 test was used for categorical variables. Logistic regression analyses were performed to identify clinical characteristics and cause associated with LSI within the 3 different patient populations: LSI versus LI, LSI versus CI, and LSI versus no LSI. Analyses were performed by stepwise backward elimination where first step included all parameters that turned out significant (P<0.05) in the univariate analyses. Logistic regression analyses were also performed with favorable outcome (mRS 0-1) versus unfavorable outcome (mRS 2-6) as dependent variable to assess the relationship between LSI and clinical outcome within the patient populations LSI versus LI, LSI versus CI, and LSI versus no LSI. Analyses were performed by stepwise backward elimination where potential confounders for favorable or unfavorable outcome were included in first step analyses. Age and sex were forced into each regression analysis to adjust for these potentially confounding factors.
Results
In total, 2412 patients had ischemic stroke during the study period. MRI A total of 1886 patients examined with MRI had DWI lesions and were included in the study.
There were 128 patients (6.8%) with LSI, 317 (16.8%) with LI, 544 (28.8%) with CI, 484 (25.7%) with mixed corticalsubcortical infarction, 98 (5.2%) with cerebellar infarction, 136 (7.2%) with brain stem infarction, and 179 (9.5%) with a combination of >1 infarct location. Accordingly, 128 patients were included in the LSI group, 317 in the LI group, 588 in the CI group, and 1758 in the no LSI group. In patients with LSI, 61 patients (47.7%) had DWI lesions in lenticulostriate territory, 29 (22.7%) in anterior choroidal artery territory, 8 (6.3%) in thalamic territory, and 30 (23.4%) in white matter medullary branches territory.
Clinical Characteristics
Univariate analyses of clinical characteristics are presented in Table 1 . Distribution of age and sex were similar between the LSI group and the other 3 groups. Prior medical history was similar between the groups, except fewer smokers (P=0.014) and more patients with atrial fibrillation (P=0.003) in the LSI group than in the LI group. Median admission stroke severity as measured by the NIHSS score was higher in patients with LSI as compared with patients with LI (P<0.001), CI (P<0.001), and no LSI (P=0.025 (Table 3) . Unfavorable outcome was particularly high in patients with LSI and DWI lesions in anterior choroidal artery territory. A total of 27 patients (93.1%) in this group had unfavorable outcome as compared with 44 (72.1%) in lenticulostriate territory, 4 (50.0%) in thalamic territory, and 16 (53.3%) in white matter medullary branches territory (P=0.004).
Discussion
Prior studies of LSI have mainly used CT for infarct localization without having compared LSI with other stroke subtypes or locations. [3] [4] [5] [6] [7] [8] [9] In our study, all patients included were 
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September 2014 examined with DWI. We showed that patients with LSI differed from patients with lacunar subcortical DWI lesions or patients with DWI lesions located elsewhere as to clinical characteristics, cause, and outcome, emphasizing the distinctive features of this specific ischemic stroke subtype. There were several clinical characteristics associated with LSI, such as neurological worsening. Prior studies have reported that 20% to 30% of patients with lacunar stroke experience neurological worsening within the first hours or days after stroke onset. 16, 17 The exact pathophysiology behind this mechanism is uncertain, but explanations based on hemodynamic factors, inflammation, and extension of thrombosis have been proposed. 18 Our study may add new insights into this phenomenon because neurological worsening was more frequent in patients with LSI as compared with the other groups, including LI. Because major occlusion seems to be a frequent cause of LSI, this could suggest that neurological worsening may be because of other mechanisms than those directly associated with lacunar stroke.
Clinical presentation of patients with LSI as classified by the Oxford Community Stroke Project scale also differed from the other groups. Oxford Community Stroke Project is a widely used stroke classification system, which categorizes neurological deficits into 4 different stroke syndromes and may assist in predicting arterial occlusion location and clinical outcome. 19, 20 Our study showed that LSI was associated with LACI when compared with patients with CI or no LSI, and partial anterior circulation infarct when compared with patients with LI. This is in line with another study that showed that ≈16% of those with lacunar syndrome did not have LI. A high proportion of these patients had atherotrombotic or cardioembolic infarction, indicating that lacunar syndromes could be caused by more extensive nonlacunar infarctions, such as LSI. 21 In concordance with a prior study, we found a lower rate of pure sensory stroke in LSI as compared with LI. 22 Nevertheless, our findings indicate that several patients presenting with LACI have larger subcortical lesions and not lacunar lesions, which often is caused by small-vessel disease. This highlights the importance of performing DWI in patients presenting with LACI.
Our study showed that a majority of patients with LSI either had normal CT angiography findings on admission or occlusive pathology in the proximal middle cerebral artery. The high rate of normal angiographic findings may suggest that several patients with LSI experience recanalization before admission. Alternatively, it suggests that LSI may occur because of other mechanisms than major occlusions, similar to the pathophysiology behind smaller LIs such as in situ atheroma or lipohyalinosis. 2, 23 However, the high frequency of middle cerebral artery occlusions in patients with LSI suggests other contributing mechanisms than that of lacunar stroke. These findings are also in conformity with prior transcranial Doppler studies that have shown a relatively high frequency of middle cerebral artery occlusions in patients with large striatocapsular infarctions. 3, 8 Our study showed that complete recanalization on day one was achieved in relatively few patients with LSI with middle cerebral artery occlusion. This is in contrast to another study that showed that persistent middle cerebral artery occlusion frequently leads to CI. 24 A developed collateral circulation may have prevented CI in our patients with LSI and middle cerebral artery occlusion.
Stroke cause is important because different causes are treated differently for secondary stroke prevention. 25 In our study, large artery disease, cardioembolism, and unknown stroke cause were more frequent in LSI than in LI, showing that larger subcortical lesions may have other causes than smaller lacunar lesions. More than half of the patients with LSI had unknown stroke cause, and LSI was also associated with unknown stroke cause when compared with CI and no LSI. These findings are in concordance with another study that investigated the association of DWI lesion patterns with TOAST stroke subtypes. 26 The authors reported that nearly half (11 of 23) of the patients with large subcortical lesions were classified with an unknown TOAST cause. As in our study, a possible explanation may be that several of these patients actually may have had small-vessel disease. However, as the definition of this specific TOAST subtype has a cutoff size limit of <15 mm, they cannot be defined as small-vessel disease by using the TOAST classification. Recent studies have, however, questioned the validity of using a 15-mm limit in DWI lesions, because the original TOAST classification lesions were based on CT findings and not DWI. For stepwise backward selection procedure, see Table I in the online-only Data Supplement. BP indicates blood pressure; CI, cortical infarction; ICA, internal carotid artery; LACI, lacunar infarct; LI, lacunar infarction; LSI, large subcortical infarction; NIHSS, National Institutes of Health Stroke Scale; no LSI, all infarctions except LSI; OR, odds ratio; and PACI, partial anterior circulation infarct. by guest on April 5, 2017 http://stroke.ahajournals.org/
26-28

Downloaded from
Our study showed an independent association between LSI and unfavorable outcome as compared with patients with LI, CI, and no LSI. In support of these findings, patients with LSI also performed worse on Barthel Index at discharge. This may partly be explained by the larger size of DWI lesions in the LSI group, resulting in increased baseline stroke severity and consequently worse outcomes. However, associations between LSI and unfavorable outcome were sustained when adjusting for initial stroke severity, indicating other contributing mechanisms as well. Such a mechanism may rely on the large number of axons concentrated in subcortical white matter tracts, including the pyramid. Large infarctions affecting these areas may thus cause worse outcomes as compared with cortical lesions of similar size. Cortical functions are spread out over larger regions, and unaffected cortical areas may compensate for damaged cortical areas. 29, 30 Studies have also shown an ability of perilesional reorganization in cortical lesions resulting in improved chances of recovery. 31 These mechanisms may not be present in LSIs, leading to more damage caused by infarction. Prior studies have also shown an association between subcortical infarcts and focal cortical thinning with neuropsychological impairment. [32] [33] [34] In theory, this could contribute to a worse long-term prognosis with cognitive decline in patients with subcortical infarcts, which may be worse in patients with larger subcortical infarcts considering the potentially larger number of disrupted axons as compared with smaller lacunar infarcts. Differences in cortical atrophy and cognitive deficits between LSI and LI could be a relevant topic for future studies.
Our findings are in contrast to 2 other studies of LSI. 9, 35 A Dutch trial reviewed patients with LSI of presumed noncardioembolic origin on CT. 9 Clinical features and risk factor profiles were similar in patients with LSI as compared with those with LIs or CIs. Clinical outcomes were not assessed, but stroke recurrence rates were similar. In contrast to our study, patient recruitment was limited to patients with transient ischemic attack or minor ischemic attack, and neuroimaging was performed by CT and not MRI. These factors may partly explain the different results from our study. Another study investigated outcomes of patients with LSI on MRI or CT as compared with patients with lacunar, atherothrombotic, and cardioembolic infarctions. 35 Short-term outcome was worse in patients with LSI than that of LIs, but better than atherothrombotic or cardioembolic infarction. Unlike our study, patients with LSI were mainly compared with other stroke causes and not with other stroke locations.
There are some limitations in our study. We only included patients where MRI had been performed and ≈18% of the total ischemic stroke population registered was thus excluded. Contraindications to MRI included nonconsenting, which is more frequent in severe ischemic stroke. This is also supported by the more severe neurological deficits on admission in patients not examined with MRI. The generalizability of our results may, therefore, be limited. Second, size of DWI lesions was not measured, except subcortical DWI lesions, which were differentiated between LSI (≥15 mm) and LI (<15 mm). However, prior studies have shown a strong association between DWI lesion size and neurological deficits as measured by NIHSS on admission. 29, 36 We adjusted for NIHSS score on admission in all logistic regression analyses with favorable outcome as dependent variable. It, therefore, seems unlikely that patients with LSI solely had worse outcomes because of larger DWI lesions. Third, only short-term outcome was registered and not outcome after 90 days. Short-term outcomes are, however, highly relevant in acute ischemic stroke, because long-term outcome also encompasses other factors such as rehabilitation and secondary infections. Short-term outcome is, therefore, more related to the stroke as such. 37 Strengths of the study include stroke location classification exclusively with MR DWI and the use of prospectively included patients in a stroke registry.
In conclusion, LSI is associated with distinct clinical characteristics, unknown cause, and unfavorable outcome, which separates this stroke entity from patients with lacunar DWI lesions or DWI lesions located elsewhere.
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